The aim of this study was to determine the association between blood pressure and the frequency of structured physical training activity in Chinese adolescents. A total of 9558 students aged 11-18 years underwent anthropometric and blood pressure measurements in a crosssectional growth study. Structured physical training activity was assessed by two simple self-administered questions and parents were asked to complete a questionnaire providing demographic information. Ninety per cent of eligible students participated in the study, of which 94% provided data on physical training frequency for final analysis. Of the boys, 22.6% and of the girls, 14.5% were physically active with extracurricular school exercise at least twice a week. Over half of the students did not regularly exercise except during physical education classes at school. Blood pressure had a positive correlation with body mass index (BMI). Both systolic blood pressure and diastolic blood pressure were substantially decreased with increased training frequency (Po0.05). Logistic regression adjusting for age, family history of hypertension, BMI and sleep duration showed that exercising two or more times a week had a negative relation with hypertension (odds ratio: 0.63, 95%CI 0.47-0.85). In conclusion, structured physical training activity of two or more times a week has a beneficial effect on blood pressure in Hong Kong children aged 11-18 years.
Introduction
Hypertension is one of the leading causes of morbidities and mortalities worldwide. It is known that blood pressure (BP) tracks from childhood to adulthood and end organ damages may start in adolescence. [1] [2] [3] [4] [5] Therefore, early prevention of hypertension is necessary. Regular exercise has been recommended for preventing and treating high BP in both adults and children. [6] [7] [8] The proposed mechanisms for the BP lowering effects of exercise include neurohumoral, vascular and structural adaptations. 9 Decreases in catecholamines and total peripheral resistance, increases in insulin sensitivity and alterations in vasodilators and vasoconstrictors are some of the postulated explanations for the antihypertensive effects of exercise. 10 Previous studies showed that at least 30 min of physical activities at a frequency of three times per week and intensity of 80% of maximal heart rate is required to lower BP. 11 Current CDC guidelines and other experts recommend that children and adolescents should do at least 60 min of physical exercise each day. 11 Although some studies reported that BP is lower in those who participate in physical activity, [12] [13] [14] [15] the results from other studies are inconsistent. [16] [17] [18] The relationship of structured physical training activity frequency to BP is even less well documented. 15 The aim of this study was to determine the association between BP and the frequency of structured physical training activity in Chinese adolescents.
Methods
The study was part of a 2005-2006 Hong Kong Growth Survey that aimed to explore the growth pattern characteristics in children and adolescents and to monitor secular trends. Details of this study have been previously described. 19 
Ethics
The study was approved by the Joint Chinese University of Hong Kong and New Territories East Cluster Clinical Research Ethics Committee and the Ethics Committee of the Department of Health of the Hong Kong Government.
Subjects
A list of all schools in Hong Kong was compiled from data held by the Department of Education. One secondary school from each of the 18 districts in Hong Kong was randomly selected and invited to participate in the study. From the selected schools, two classes in each grade were selected in collaboration with the school principal based on timetables and operational needs. All students of the selected classes were invited to join the study. The main reason for nonparticipation was absence (637 students, 6%) from school, 425 students (4%) refused to participate and the reasons were not recorded. In addition to physical examination, the study included a self-administered questionnaire for completion by the students and this was subsequently checked by research staff. A fact sheet explaining the purpose and procedure was given to each student and their parents before measurements were taken at the school. The parents of all participants were invited to complete a questionnaire providing demographic information including family or personal medical history.
Measurement of anthropometric parameters
A team of eight trained research staff visited the selected schools on a prearranged date to collect the anthropometric data. Standing height without shoes was measured using a Harpenden Stadiometer to the nearest 0.1 cm. Body weight and percentage body fat were measured using a portable Tanita body fat monitor/scale (Model BF-522; four contact electrodes with two on each foot). BP and pulse rate were measured oscillometrically using the Datascope Accutorr Plus. BP and hazard ratio were measured at school in the morning, on the right arm, with the children seated and rested for at least 5 min and with the arm supported at heart level. Appropriate sized cuffs were used (bladder width at least 40% of arm circumference, length 80-100% of arm circumference). 20 Two BP measurements were taken with a 1-min interval. The average of the two readings was used for analysis. Waist circumference was measured midway between the lowest rib and the superior border of the iliac crest with an inelastic measuring tape to the nearest 0.1 cm.
Physical activity was assessed by two questions: (1) Do you currently participate in any regular exercise class other than school physical education (PE) class? (2) If yes, please tick the frequency of training: 1, 2 or 3 and above per week. These two questions were designed based on the physical activity guidelines for adolescents issued from the international consensus conference in 1994. 21 An explanation of these two questions with a detailed list of usual exercise training classes in Hong Kong was provided to all participants. Hong Kong schools generally allocate only two 45-min lessons per week to PE. 22 Exercise during the PE classes was regarded as a constant within the study sample and therefore not taken into account in this analysis.
Prehypertension was defined as systolic blood pressure (SBP) and/or diastolic blood pressure (DBP) greater than or equal to sex-, age-and height-specific 90th percentile or 120 mm Hg (for SBP)/80 mm Hg (for DBP). Hypertension was identified if SBP and/or DBP was greater than or equal to sex-, age-and height-specific 95th percentile or 140 mm Hg (for SBP)/90 mm Hg (for DBP).
Statistical analysis
Data were presented as mean (s.d.) or frequency (%) as appropriate. Association between frequency of exercise training and BP and hypertension with adjustment for age and potential confounders (body mass index (BMI), family history of hypertension and sleep duration) was assessed using multiple linear regression and logistic regression. All the statistical analyses were performed using SPSS 16.0 (SPSS Inc., Chicago, IL, USA). All statistical tests were two-sided and P-value o0.05 was considered statistically significant.
Results
Anthropometric measurements and BP were taken from 9558 students aged 11-18 years (boys ¼ 4722 and girls ¼ 4836). The participation rate was 90% of the study population. Among the participants, 8981 (94%) students (boys ¼ 4430 and girls ¼ 4551) provided data of structured physical training frequency for final analysis. The main reason for nonreporting was that students did not want to reveal any personal information. There were no significant differences in the BP of the children who did not provide valid data on exercise compared with those who did (P ¼ 0.2 for SBP, P ¼ 0.7 for DBP). Of the boys, 10.7% and of the girls, 5.3% were physically active, exercising outside of school at least three times a week. Over half of the students did not do any exercise other than PE classes at school. The details of the potential confounders associated with BP are listed in Table 1 according to sex. The comparisons of BP by physical training frequency are shown in Table 2 . The rate of hypertension according to age, sex and height was calculated using local references, 23 and was substantially decreased with increased frequency of exercise training (Table 3) . BMI was found to be positively associated with hypertension in boys and girls. The logistic regression adjusted for age, family history of hypertension, BMI and sleep duration showed that exercise more or equal to two times a week had a negative relation with hypertension (odds ratio: 0.63, 95%CI 0.47-0.85).
Discussion
Our study showed that in a large representative sample of Hong Kong adolescents, those who had structured physical training activities of two or more times a week had significantly lower prevalence of hypertension. Although it is generally believed that physical exercise is beneficial to the body, 22 our finding provides further evidence regarding the relation between frequency of exercise and BP and can be useful for promoting structured exercise in youths.
Previous data from a local survey has indicated that Hong Kong children are in general physically less active than their counterparts in the West. 24 This is confirmed by this study that showed over half of the children did not engage in any structured exercise apart from the two 45-min sessions of PE per week as part of the standard school curriculum. Low levels of physical activity have been linked to high BMI and elevated BP in childhood and this effect is believed to extend into adulthood. [1] [2] [3] 13, 18, 25, 26 Childhood and adolescent obesity is a significant problem in Hong Kong. Using the International Obesity Task Force cut-offs, we observed that in our 2005-2006 study 16 .7% of children were overweight or obese, which was a Association between BP and exercise frequency HK So et al 5.1% increase since 1993. 19 It is likely that the escalating number of obese children and adolescents will lead to an increase in the prevalence of hypertension and other cardiovascular diseases in the adult population in the future. 27 Although increasing the participation of adolescents in structured physical activity may not of itself prevent the obesity epidemic, it is likely to make a beneficial contribution. Unfortunately, the demanding lifestyle of young people in Hong Kong, including an overemphasis on academic achievement, may be at the expense of their health and well being. With our data, we hope to persuade educators and parents that even modest increases in physical activity have value and may contribute to developing physical activity patterns that can be sustained into adulthood. Encouraging a lifestyle characterized by regular physical activity gives youngsters the opportunity to reach their full physical potential. [16] [17] [18] Concepts and behaviour in adolescent health are not well developed and this age group is one of the most suitable target populations to promote health literacy. 12 If they encounter appropriate concepts of health and health-related behaviour, they are more likely to learn and internalize these concepts about health throughout their teenage and adult lives.
This study has a number of limitations. The simple questions used to assess physical activity sessions may be viewed as too crude. Physical activity is a broadly used term, and its heterogeneous nature makes it extremely difficult to characterize and quantify. Some studies try to overcome this problem using mechanical monitors for physical activity assessment and for further demonstration of the dose-response effect. [28] [29] [30] However, the problem facing development of rigorous techniques for measuring physical activity is the lack of an ideal standard with which to validate the data, thus making it difficult to truly validate any given technique. Therefore, most of the physical activity studies have been based on questionnaires that have the ability to gather activity information in a short time at low cost. 31 The questions used in our study were similar to what have been used before. 13, 32 They were not designed to precisely assess physical activity, but rather to show the simple relation between frequency of exercise and rate of hypertension from a public health perspective. Another limitation is nonparticipation of subjects and missing data. There were no differences, however, in the characteristics between those in the current analysis and those who did not provide valid data on physical activity. Findings were also similar if the analyses were restricted to those with complete data on all confounders.
In conclusion, this study of a large representative sample of Hong Kong adolescents aged 11-18 showed a negative association between the frequency of structured physical training activity sessions and BP after adjustment for potential confounding factors. Hong Kong students generally have low levels of physical activity, and most students did not participate in any regular structured exercise sessions apart from their PE lessons. Our study indicates the potential for providing other exercise options within the Hong Kong school system such as increasing the frequency of PE classes to four sessions per week or introducing more extracurricular sports activities.
